We present results obtained with the mesosphere-stratospheretroposphere (MST) radar at Jicamarca, Peru, from three 10-day experiments in January 1993, March 1994, and August 1994. Horizontal and vertical velocities were measured over ranges spanning the lower part of the stratosphere and most of the mesosphere. In the stratosphere, the fluctuating part of the wind field was found to be dominated by inertia-gravity waves. Sinusoids of different period were fit to the velocity time series using a least squares procedure. The dominant periods of the inertia-gravity wave motions were found to be 1.5days for the January 1993 experiment and 2.1 days for the August 1994 experiment. For the January 1993 experiment, the amplitudes and phases of the inertia-gravity wave oscillations were extracted for the vertical as well as the horizontal components. The vertical amplitude of the 1.5-day period wave was small (<0.1ms -1), but measurable with the Jicamarca radar. The intrinsic periods of the inertia-gravity waves were inferred from the fits using two different methods. The first method predicted the intrinsic period using the orbital ellipses traced out in time by fits to the horizontal winds. The second method used information taken from the vertical as well as the horizontal fits. The values of intrinsic period made using the second method were found to have much less scatter than the values inferred solely from the orbital ellipses. The momentum flux estimates in both the stratosphere and mesosphere were found to depend significantly on the exact methodology used. A technique was adopted whereby estimates were formed only when radial velocities were measured simultaneously on both beams of a coplanar beam pair. Most of the total wave stress was usually contributed by waves at periods >_4 hours in the stratosphere and >_1hour in the mesosphere. In the stratosphere, localized layers of enhanced momentum flux were sometimes observed. The obvious anticorrelation between the shear of the mean wind and the momentum flux in these layers suggests that they were caused by in situ generation of waves by the Kelvin-Helmholtz instability, rather than gravity waves propagating from lower levels. At short periods, momentum flux spectra in the stratosphere and mesosphere showed numerous positive and negative peaks. A correlation analysis revealed that the high-frequency peaks were associated with discrete wave packets. The short-scale waves associated with these packets were fairly isotropic in their direction of propagation, and due to cancellation they contributed little net momentum.
by (1) the use of relatively long complementary-coded pulses (20-baud with a 2.67/1s or 400m baud length), and (2) the need to avoid ground clutter and provide adequate time for receiver recovery. For the last experiment, a technique for decoding the truncated ranges [Spano et al., 1991] was implemented that allowed usable velocity estimates to be obtained down to 9.2 km. In the mesosphere, usable data were obtained from 60 to 90 km for all three experiments. Measurements were obtained only during the daylight hours (•10 hours each day), because mesospheric backscatter depends on the presence of free electrons produced by photoionization.
The stratospheric signal-to-noise (S/N) ratio does not degrade during the nighttime hours, but the radar was shut down during these periods. No data were obtained from the intermediate heights of 32-60 km, because the index of refraction variations responsible for backscatter in the stratosphere and the ionization layers responsible for backscatter in the mesosphere are mostly absent from this region. The maximum altitude of the mesospheric data was limited by the lower edge of the equatorial electrojet. The electrojet usually has a much larger scattering cross section than mesospheric ionization above 95km and masks mesospheric echoes. Although several of the plots shown later extend up to 90 km, the results above 85 km should be regarded with caution. Electrojet contamination tends to cause an underestimate in the magnitude of the wind at these uppermost ranges.
The antenna array was divided into four quadrants, phased to provide beams in the north, south, east, and west directions at zenith angles of 2.50 . The small zenith angle is necessary to avoid sidelobes but is probably nearly ideal for measuring vertical velocities. Bias due to specular reflection from horizontal layers are avoided because the half-width, two-way, half-power beam widths in the beam tilt direction are only •0.6 ø. 
where the primes denote the fluctuating part of the velocity. Note that (1) (unlike (2)) makes no assumption of simultaneity of measurements on the coplanar beam pair. When we compared vertical profiles of momentum flux, we found that imposing a requirement of simultaneity yielded a result with much less scatter. Possible reasons for the difference are (1) without a simultaneous signal on both beams we were precluded from using one of the criteria for outlier rejection described previously, (2) the treatment of the velocities as random variables assumes that the averaging is performed over times much longer than characteristic periods of the waves contributing to the flux (not the case as we show later), and (3) the near verticality of the beams magnifies errors by causing (1) to be a ratio of very small numbers.
Momentum flux spectra are calculated from the cospectra of the horizontal and vertical velocities. In the zonal direction these take the form sphere we calculated momentum flux spectra only up to a height of 25 km. At this uppermost height, no more than 10% of the velocity estimates were found to be missing after preprocessing, and these data gaps were linearly interpolated. Momentum flux spectra were also calculated in the mesosphere, with some averaging of the velocities in height (as explained later) to reduce the number of data gaps. If the frequency of a particular dominant wave packet is known during a time interval, the momentum flux due to this component can be determined using a singular value decomposition (SVD), least squares fitting pro- 
The fitting window is slid forward in time to give p(wi) as a function of time. In practice we found that a window of four wave cycles length was a reasonable compromise between time and frequency localization. With this choice of a window length, the half power band edges are at wi + 0.11wi. Further details on the SVD technique are given in P1.
Mean Structure
The mean structure of the near-equatorial motion field over Jicamarca during the three measurement campaigns is displayed in Figure I •+ .
We will later also make use of polarization relations which relate the amplitudes and phases of the three orthogonal components of wave velocity. If we assume variations of the form ei(-wt+kr+mz! where r is along the direction of wave propagation in the horizontal plane, these relations can be written in the form : ,- 
Momentum Fluxes
Because it is formed from a product of velocities, the momentum flux is an inherently noisy quantity and therefore a relatively long time average must be used to get a reliable estimate of the mean value. For this reason, and because w • is very difficult to measure, the published data on radar derived momentum fluxes are limited. Much of the current understanding of momentum flux relies on theory and numerical models. Fritts [1984] used simple theoretical arguments to predict the proportion of momentum flux due to gravity wave motions in the high-and low-frequency parts of the spectrum. A 
which is consistent with (6) and reflects the fact that vertical IGW propagation and momentum transport ceases as w approaches f. Thus, the scaling arguments predict that most of the momentum flux is contributed by high frequency waves at all latitudes.
Stratospheric Momentum Fluxes
Propagating waves, such as mountain waves, gravity waves, Rossby waves and equatorially trapped waves are undoubtedly sources of momentum in the stratosphere. However, there are other contributing processes, such as mesoscale disturbances, frontal motions, and convection. Mountain waves in particular are believed to be sources of significant flux, requiring pararneterization in general circulation models of the troposphere and stratosphere [ Although larger than the values of (u'w') displayed in 
Mesospheric Momentum Fluxes
The main sources of momentum flux in the tropical mesosphere are probably propagating waves, such as gravity waves, planetary waves, and equatorially trapped waves. There is some observational evidence that high-frequency waves cause much of the flux in this region, although perhaps not to the extent that models and theory would suggest. Fritts and Vincent [1987] and Reid and Vincent [1987] found that 70% of the momentum flux was associated with motions at periods less than 1hour. Nakamura et al. [1993] typically more important. When comparing spectra of momentum fluxes in the stratosphere and the mesosphere it should be remembered that the processing was not exactly the same in the two cases. In the mesosphere, the vertical averaging could have suppressed the contribution from waves with short vertical wavelengths. However, even at high frequencies the spectral peaks are fairly well correlated over height intervals greater than the distance (1.2 km) over which the data were vertically averaged, and those waves with short vertical wavelengths are unlikely to contribute much flux in any event.
Isotropically propagating wave packets is fairly apt as a description for the high-frequency gravity waves in the mesosphere, as well as the stratosphere. Because of data gaps, we were unable to perform the correlation analysis to look at the time evolution of the waves responsible for particular spectral peaks as we did in the stratosphere. Thin layers of enhanced momentum flux were sometimes seen in the lower stratosphere. The obvious anticorrelation between the shear of the mean wind and the momentum flux in these layers suggests that they were associated with in situ generation of the KelvinHelmholtz instability rather than gravity waves propagating from lower levels. At short periods, momentum flux spectra in the stratosphere and mesosphere showed numerous positive and negative peaks, suggesting that the short-scale waves are fairly isotropic in their direction of propagation, and usually carry little net momentum due to cancellation. Over a few isolated intervals in time and height, the momentum flux associated with high frequencies increased markedly, but we lack the auxiliary data that would allow us to relate these events to changes in atmospheric conditions. At middle and high latitudes, shorter-wavelength waves may play a much greater role, although simple theoretical arguments made in section 5 did not indicate the change in the inertial cutoff period with latitude to be in itself a significant factor. Diffusivity was not considered in section 5, but it could preferentially act to cause more damping of long-wavelength waves at high latitudes [Marks and Eckermann, 1995] .
Summary and Conclusions

